demonstrated that intracoronary (IC) administration of NTP is an effective, safe treatment for impaired blood flow and no-reflow during elective PCI. 22 However, the beneficial effects of this therapy on slow-flow or no-reflow in patients with AMI undergoing primary PCI is currently uncertain. Additionally, no data exists that addresses the impact of the PercuSurge device in conjunction with NTP therapy on additional benefits in reducing the slow-flow or no-reflow phenomenon following primary PCI.
Therefore, this study tested the hypothesis that when administered in conjunction with PercuSurge device for treatment of AMI, IC administration of NTP is safe and superior to IC administration of NTP alone or nitroglycerin (NTG) for reversing the slow-flow or no-reflow that frequently occurs during primary PCI.
Methods

Patient Population and Inclusion Criteria
At our hospital, all patients with ST-segment elevation AMI of <12 h duration are eligible for primary PCI. The PercuSurge GuardWire™ device (Medtronic AVE, Santa Rosa, CA, USA) is used as a precaution against distal embolization in patients during primary PCI when angiographic results comply with the following criteria: (1) angiographic morphologic features of IRA showed HBTF as defined in our recent study; 4, 5 (2) reference lumen diameter (RLD) of the IRA ≥3.5 mm; and (3) AMI <12 h. Exclusion criteria were: (1) RLD of IRA <3.5 mm; (2) heavily calcified IRA; and (3) very tortuous IRA.
Because NTP is a strong vasodilatation agent, patients with systolic blood pressure <90 mmHg at the time of the final procedure before administration of NTP were excluded. Between November 2005 and April 2006, 62 patients who met the inclusion criteria were enrolled after giving informed consent. The Institutional Review Committee on Human Research at approved the study protocol.
Procedure and Protocol
A transradial approach using a 6F arterial sheath has been the design protocol for AMI at our hospital since 2001.5 When diagnostic results demonstrated that the IRA met the criteria for a PercuSurge device therapy, the 6F arterial sheath was replaced with a 7F arterial sheath and a 7F standard interventional guiding catheter was selectively positioned in the culprit artery. Thrombectomy with an export suction catheter was performed after inflation of the distal protection balloon prior to coronary angioplasty.
Clopidogrel (300 mg preoperative loading dose then 75 mg/day) was given for at least 4 weeks to patients who underwent primary stenting. Aspirin (orally 100 mg/day) was given to each patient indefinitely.
Administration Route for NTG and NTP, Assessment of Epicardial Coronary Blood Flow and Microvascular Circulation
When the final TIMI flow 23 was normal (TIMI-3 flow), NTG 200 g was administered, followed immediately by angiographic examination. Repeat angiographic examination was performed 5 min later, followed by NTP 100 g administered via the intra-guiding catheter; angiographic examination was again immediately performed. A 5-min interval was used in this study to avoid any synergy between NTG and NTP on vasodilatation. In order to identify that the NTP effect was not transient, angiographic examination was repeated 5 min after administration of NTP.
We proposed that a localized high concentration of either NTG or NTP would be more effective against the slowflow or no-reflow phenomenon. However, large dosages of these drugs are required to achieve to a localized therapeutic concentration if the drugs are administered via an intraguiding catheter over a short interval, and this may induce a severe hypotension, which is usually harmful to the patient. Thus, in order to avoid this unpredictable side-effect, we decided that when the final TIMI flow was ≤2, a 6F or 7F export suction catheter would be used to advance into the IRA for administration of NTG and NTP. The patient's heart rate and blood pressure were continuously recorded during the procedure.
To compare the effect of NTG vs NTP on the epicardial coronary blood flow and integrity of the IRA microvasculature, the final TIMI flow grade, 23 corrected TIMI frame count (CTFC), 24 and myocardial blush (MB) grade 25 were assessed and consensus was reached among 3 interventional cardiologists immediately after primary PCI.
The primary endpoints were epicardial blood flow (TIMIflow), CTFC or MB grade, and the secondary endpoint was 30-day major adverse cardiac events (MACE) (defined as reinfarction, repeated target vessel revascularization, and 30-day death).
Definitions and Data Collection
AMI was defined as typical ischemic chest pain for >30 min with ST-segment elevation >1 mm in 2 consecutive precordial or inferior leads. Unsuccessful reperfusion was defined as failure of the IRA to achieve normal blood flow (≤TIMI-2 flow) or MB grade ≤1. Slow-flow was defined as TIMI grade 2 flow and no-reflow was defined as ≤TIMI grade 1 flow in the distal IRA in the absence of an occlusion at the treatment site or evidence of distal embolization occurring after successful coronary recanalization.
Statistical Analysis
Data are expressed as mean ± SD or number (%) of patients. Continuous variables were compared using Student's t-test. Categorical variables were compared using the chisquare test for repeated measures. Statistical analysis was performed using SAS statistical software for Windows version 8.2 (SAS Institute, Cary, NC, USA). A value of p<0.05 was considered statistically significant. (Table 1) The mean patient age was 60 years. Of the 62 patients more than 90% were male. Low-density lipoprotein cholesterol levels, hypertension and current smoking were the most prevalent risk factors for coronary artery disease, followed by diabetes mellitus. Advanced Killip score (≥3) was more than 17% upon presentation. More than half of the patients had an anterior wall infarction. A transradial artery approach was used for all patients. Angiographic examination showed more than 50% of the patients had multivessel disease. An intra-aortic balloon pump was used immediately before primary PCI in 6 patients who were in cardiogenic shock upon presentation because of an occlusion of the left anterior descending artery. Later in the procedure, these patients' blood pressure and condition were relatively stable.
Results
Baseline Characteristics of the Study Patients
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Angiographic Results During Administration of NTG and NTP and Short-Term Outcomes (Tables 1-3)
Combined slow-flow and no-reflow occurred in 12.9% (n=8, including 4 patients with final TIMI flow ≤1) following NTG therapy (Table 2 ). NTG 400 g was administered to these patients through the export suction catheter. All of these cases of slow-flow or no-reflow were immediately reversed by NTP administration via the export suction catheter. Only 3 of the 8 patients received more than 100 g of NTP (range 150-200 g). Analysis showed that the final TIMI-3 flow and MB grade were significantly higher for IC NTP therapy than for IC NTG therapy. Moreover, compared with NTG treatment, NTP treatment resulted in a striking improvement of the CTFC. Thus, IC administration of NTP was more effective than IC administration of NTG for improving both epicardial blood flow and microvascular reperfusion. The final TIMI-3 flow, CTFC and MB grade did not differ immediately or at 5 min after IC administration of NTG or NTP (Table 2) . Table 3 shows the impact of the PercuSurge device on epicardial blood flow and microvascular circulation in patients undergoing primary PCI and IC administration of NTP. The final TIMI-3 flow did not differ between patients with and without use of the PercuSurge device for distal embolic protection. However, the MB grade was significantly increased and the CTFC significantly shortened in patients with the device than in those without it for distal embolic protection. Interestingly, the MB grade was markedly increased (2.48±0.64 vs 2.1±0.8, p<0.001) and the CTFC was notably shortened (15.4±8.7 vs 19.5±15.2, p< 0.001) for IC NTP therapy alone than for IC NTG therapy regardless of the use of the PercuSurge.
No repeat target vessel revascularization or reinfarction occurred during the 30-day clinical follow-up (Table 1) . However, 2 patients who had cardiogenic shock upon presentation died during this time, comorising 1 death from pumping failure and another from intracranial hemorrhage.
Discussion
This study, which examined the epicardial blood flow and microvascular circulation of the IRA in patients with AMI undergoing primary PCI has several striking clinical implications. First, NTP was more effective than NTG in improving final TIMI-3 flow, CTFC and MB grade of the IRA. Second, direct administration of NTP to the IRA via an export suction catheter, which was an original delivery method, was safe and superior to NTG for rapidly reversing slow-flow or no-reflow in patients undergoing primary PCI. Third, combined use of the PercuSurge device and IC administration of NTP was superior to NTP therapy alone for improving final microvascular circulation. Finally, the very low 30-day MACE in this study may reflect the efficacious result of NTP administration on the microvascular dysfunction that usually causes an unfavorable clinical outcome.
Although the mechanisms of slow-flow and no-reflow have been debated extensively in various clinical settings, 4,12-16 the significance of any single mechanism is not yet fully understood. Recent evidence suggests that slowflow or no-reflow is caused by microcirculation dysfunction at the level of the resistance arterioles. 15, 16 However, treatment of these phenomena remains problematic. 4, 15, 16 The principal finding of the present study is that IC administration of NTP, a direct donor of NO, was more effective than NTG in rapidly reversing slow-flow or non-reflow, both of which occur frequently during primary PCI. One study recently demonstrated that NTP is an effective and safe treatment for impaired blood flow and no-reflow associated with elective PCI. 22 Additionally, another recent study also demonstrated that NTP treatment resulted in a marked im- provement in both TIMI flow grade and CTFC in primary PCI patients. 26 Thus, the results of our study are consistent with those obtained by those 2 studies, 22, 26 suggesting that this is a novel therapeutic strategy for treating slow-flow or no-reflow following PCI in various clinical settings. Importantly, NTP was superior to NTG in improving final TIMI-3 flow and MB grade ≥2, and shortened the CTFC in patients undergoing primary PCI. Such distinctive findings can be reasonably explained as follow. First, it has been suggested that abnormal function of the resistance arterioles or pre-arterioles (<200 m in diameter) plays an essential role in the no-reflow phenomenon. 15, 16, 27 Metabolism of NTG by the vascular wall is required prior to derivation of NO; however, the resistance arterioles are unable to metabolize NTG to NO as do the large nonresistance epicardial vessels. 28 Additionally, although NTG is an effective vasodilator for large epicardial vessels, it is significantly less effective in the microvascular circulation. 28 On the other hand, NO, which is derived from NTP without the requirement for prior intracellular metabolism, 21 is a potent vasodilator in the resistance arteriolar circulation 19, 29 and plays a significant role in controlling blood flow through the coronary microcirculation. 20, 29 Furthermore, NO could positively affect latent collaterals or collateral blood flow by eliciting vasodilatation or inhibiting platelet aggregation in the vascular bed distal to the target lesion. 22, 30 These mechanisms 15, 16, [19] [20] [21] [22] [28] [29] [30] can explain why NTP was more effective than NTG in improving the final angiographic results. Second, recent studies have demonstrated that HBTF 4 and lipid pool-like content 31 in large IRAs are predictors of slow-flow or no-reflow, because distal macro-and microembolism of thrombi and plaque material frequently occurs in these vessels during balloon dilatation or stenting, which, in turn, induces severe microvascular dysfunction. 4, 27, 31 Thus, the pathophysiology of microvascular obstruction and dysfunction are proposed to be the result of microvascular plugging, microvascular spasm or edema, and platelet aggregation. 32 Additionally, our recent study 5 demonstrated that the PercuSurge device is an effective tool for improving microvasculature integrity in large IRAs with HBTF. In the present study, a PercuSurge device was used to remove HBTF in more than 51% of the study patients. Moreover, microvasculature integrity was significantly improved with IC NTP therapy alone than with IC NTG therapy. Furthermore, the combination therapy of PercuSurge device and IC NTP was superior to IC NTP therapy only for improving microvasculature integrity during primary PCI. Accordingly, we suggest that the synergic effect of PercuSurge device, which plays an important role in preventing microvascular plugging, and IC NTP therapy, which relieves microvascular spasm, is crucial for preventing slow-flow or no-reflow phenomenon during primary PCI and is the principal reason for the improved final angiographic results. Finally, we used an export suction catheter to advance into the IRA for direct administration of NTP in cases of slow-flow or no-reflow in this study and we consider that this delivery method, which has not been previously reported, can provide a locally high concentration in IRA and thus induce extreme vasodilatation of the microvasculature. This novel administration approach may also explain why NTP produced a significantly higher final MB grade (≥2) and a notably shorter CTFC than NTG in this clinical setting.
Experimental studies by Kloner et al 12 have demonstrated that the obstruction of capillaries is crucial for no-reflow phenomenon, and anatomical analysis indicates that capillaries do not have smooth muscle. Therefore, NTP can not reverse all of the factors that cause the no-reflow phenomenon. However, the findings from Kloner et al 12 could, at least in part, explain why the MB of the IRA did not achieve grade 3 in all of the present patients.
The presence of no reflow is associated with a high risk of morbidity and mortality in patients undergoing primary PCI, during the procedure, and at short-term or long-term follow-up. 4, 6, 7, 10, 11 In the present study, the effect of IC NTP therapy for improving the final microvascular circulation was persistent. Additionally, the 30-day mortality rate was only 3.2%. Such a low mortality rate is likely to be the result of successfully reversed slow-flow or no-reflow by the IC administration of NTP, which in turn, translated into a favorable clinical outcome. Furthermore, except for transient mild hypotension, IC administration of NTP did not elicit any other side-effect. Thus, these findings encourage the use of this therapeutic strategy for preventing and treating slow-flow or no-reflow during primary PCI in hemodynamically stable patients.
Study Limitations
First, adenosine and nicorandil have been shown to be effective for reversing slow-flow or no-reflow phenomenon during primary PCI. 33, 34 However, without a comparison, we can not provide additional information that these drugs are superior to NTP or vice versa for reversing slow-flow or no-reflow phenomenon during primary PCI. Second, although the half life of NTG is very short (<2 min) and the time period between NTG and NTP administration was 5 min, this study can not completely rule out a synergic effect of the 2 drugs on vasodilatation. Finally, instead of using a conventional method for comparing a control group and study group, this study used a comparison of the final angiographic results for post-NTG therapy and post-NTP therapy in the same patient. However, this method provided the same variables and reliable baseline conditions for different pharmacological tests.
Conclusion
IC administration of NTP is safe and appears to have a much more powerful effect than IC administration of NTG for reversing slow-flow or no-reflow and improving final epicardial flow and microvascular circulation in patients with AMI undergoing primary PCI.
